Background. Acute pyelonephritis (APN) is a common disease which rarely evolves into abscesses. Methods. We prospectively collected clinical, biochemical and radiological data of patients hospitalized with a diagnosis of APN from 2000 to 2008. Results. Urinary culture was positive in 64/208 patients (30.7%) and blood cultures in 39/182 cases (21.4%). Two hundred and thirteen patients were submitted to computed tomography (CT) or nuclear magnetic resonance (NMR): confirmation of APN was obtained in 196 patients (92%). Among these, 46 (23.5%) had positive urine culture, 31 (15.8%) had positive blood culture and 15 (7.6%) had positive cultures of both urine and blood. In 98 patients, either urine or blood cultures were negative, but CT/NMR were positive for APN. Fifty of the 213 patients submitted to CT/NMR (23.5%) had intrarenal abscesses: only 2 were evidenced by ultrasound examination. No differences were found between patients with positive or negative CT with regards to fever, leucocytosis, C-reactive protein, pyuria, urine cultures and duration of symptoms before hospitalization. No differences were found between patients with or without abscesses with regards to these parameters and risk factors. Patients with abscesses had a longer duration of treatment and hospitalization. Conclusions. Our data suggest that in APN it is not always possible to routinely document urinary infection in a clinical setting. This finding could be explained by previous antibiotic treatment, low bacterial growth or atypical pathogens. Systematic CT or NMR is necessary to exclude evolution into abscesses, which cannot be suspected on clinical grounds or by ultrasound examination and may also develop in the absence of risk factors.
Introduction
Acute pyelonephritis (APN) in the USA has an incidence as high as 250 000 cases per year and requires 100 000 hospitalizations every year [1] .
Women are affected five times more frequently than men but have a lower mortality (7.3 versus 16.5 death/ 1000 cases) [1] . Evolution into abscess is considered infrequent.
APN develops when uropathogens, mainly Escherichia coli [2] , ascend to the kidneys from faecal flora; rarely, it is caused by seeding of the kidneys by bacteraemia. Risk factors include frequency of sexual intercourse, genetic predisposition, old age, urinary instrumentation, diabetes and urinary tract infections in the previous months [3] . The exact correlation between APN and vesicoureteral reflux (VUR) in adults is not clearly defined.
Diagnosis of APN is mainly clinical, but computed tomography (CT) or nuclear magnetic resonance (NMR) examination allows precise definition of the inflammatory areas [4, 5] and evidence of abscesses.
We conducted a prospective analysis of the cases of APN hospitalized in the Nephrology Unit from January 2000 to August 2008.
Materials and methods
We prospectively recorded all patients hospitalized in our Nephrology Department from January 2000 to August 2008 with a diagnosis of APN made by the Emergency Department and based on the presence of flank pain, fever and leucocytosis or elevated C-reactive protein (CRP). Spiral CT with contrast medium and/or NMR (since 2006) was performed in all patients. In patients with abscesses, a second CT was done after 30 days.
Retrograde urethrocystography to search for VUR was performed in case of relapsing APN or in the presence of anatomical urinary abnormalities.
Treatment consisted of ceftriaxone 2 g/day for 5 days intravenously, followed by ciprofloxacin 500 mg twice daily orally for 14 days, except for patients allergic to these antibiotics and in the case of resistant bacteria. When no response was observed after 72 h, treatment was modulated on the basis of antibiotic sensitivity testing. Patients with abscesses were treated with ceftriaxone 2 g daily for 30 days. Patients <18 years of age were given oral cephalosporin instead of fluoroquinolones.
The general practitioner was charged with the follow-up of the patients after hospitalization.
Definitions
'Old age' refers to people >65 years of age.
Fever was considered when ear temperature was >37.5°C. Pyuria was defined as >10 white blood cell (WBC)/h.p.f.; leucocytosis as >9500 WBC/mm 3 ; urinary cultures were considered positive if >10 3 colony-forming units (c.f.u/mL) of bacteria were found. CT was considered diagnostic for APN if single or multiple hypodense parenchymal areas were evidenced after contrast medium infusion.
In NMR, APN areas correspond to hypointense areas in T1 after gadolinium medium infusion (Gadovist-Bayer Schering Pharma).
APNs were considered complicated when they occurred in pregnant women, old patients, transplanted patients, patients with diabetes, bladder catheters or urinary stones.
Statistical analysis
Values are expressed as mean ± SD. Statistical analysis was conducted with Student's t or χ 2 tests.
Results
We collected the records of 223 patients (202 women, 21 men, mean age 37.77 ± 17.61 years; mean age of women was 36.56 ± 0.53, of men 49.43 ± 18.60). Distribution of patients in age groups is reported in Figure 1 . Clinical presentation is reported in Table 1 . Leucocytosis was evident in 183 patients (82.06%); mean leucocytes of these patients were 16 960 ± 5869/ mm 3 . Leucocytosis normalized in 4.21 ± 3.73 days. Mean CRP was 15.65 ± 8.56 mg/dL. Pyuria was present in 147 patients (65.92%).
Renal function was normal in all but 21 patients, whose serum creatinine was >1.2 mg/dL (in these patients glomerular filtration rate ranged from 8 to 47 mL/min/ 1.73m 2 according to Modification of Diet in Renal Disease formula [6] ). In 13 of these patients, renal failure was attributed to the multiple effects of the infection (direct and haemodynamic). In one patient, there was an important diffuse interstitial neutrophilic infiltration evidenced by renal biopsy; this patient transiently required dialysis.
Risk factors were present in 60 patients (26.9%) ( Table 2 ).
The duration of hospitalization was 11 ± 11 days. Urine cultures were available for 208 patients: 64/208 were positive (30.7%) (E. coli 56 patients, Klebsiella pneumoniae 4 patients, Enterococcus faecalis 1 patient, Proteus mirabilis 2 patients, K.pneumoniae plus E.faecalis 1 patient). Blood cultures were positive in 39/182 cases (21.4%): E. coli 35 patients, Acinetobacter lwoffii 1 patient, P.mirabilis 1 patient, Streptococcus saprophyticus 1 patient and Staphylococcus hominis 1 patient.
Sensitivity of E. coli to ceftriaxone was 100%, to ciprofloxacin 85.3% and to levofloxacina 85.7%.
Both urine and blood cultures were available for 171 patients (76.6%). They were both positive in 19 of these patients (11.1%). In 34/171 (19.8%), urine cultures were positive and blood cultures negative; in 20/171 (11.6%), blood cultures were positive and urine cultures negative. Concordance between blood and urine cultures was 68.42%.
Renal ultrasound examination was performed in 209/ 223 patients (93.7%). It was normal in 109 cases (52.1%) and suggestive of APN in 100 cases (47.8%). In these cases, single or multiple hyperechogenic areas (51 patients), kidney enlargement (16 patients), thickening of pelvic wall (6 patients), hypoechogenic areas (20 patients), pelvic dilation (13 patients), perirenal fat involvement (5 patients) and abscesses (2 patients) were evidenced. CT scan was performed on 183/223 (82.06%) patients. It was normal in 12 cases (6.5%); it showed lesions suggestive for APN in 170/183 cases (92.8%), with evidence of single or multiple areas of parenchymal hypodensity ( Figure 2 ). Concordance between CT scan and ultrasound was 49%.
NMR was performed in 57 cases (47 positive and 10 negative). Among the 170 patients with positive CT, 26 were also evaluated with NMR, which resulted positive in 21 and negative in 5. In one case, NMR showed an abscess which had not been documented by CT. Thirty patients were submitted to NMR only: this examination documented APN in 25 patients.
In total, 213 patients were submitted for CT and/or NMR (95.5%). A radiological confirmation of APN by CT and/or NMR was obtained in 196/223 (87.9%) patients with symptoms typical for APN. Among these patients, only 46 (23.5%) had positive urine culture, 31 (15.3%) had positive blood culture and 15 (7.6%) had positive cultures of both urine and blood. In 98 patients, urine or blood cultures were negative, but TC/NMR was positive for APN. In the 12 patients with normal CT, blood or urine cultures were positive.
No differences were found between patients with positive or negative CT or NMR with regard to body temperature at admission, leucocytosis, CRP and duration of symptoms before hospitalization (Table 3) . Urine and blood cultures were positive more frequently in patients with negative CT/NMR (Table 4) .
Fifty of the 213 patients submitted to CT/NMR (23.5%) had single or multiple intrarenal abscesses (Figure 3) . Ultrasound examination evidenced abscesses in only two patients. No differences were found between patients with or without abscesses with regards to body temperature, leucocytosis, duration of fever, duration of symptoms before hospitalization, CRP pyuria and urine cultures (Table 5 ). Patients with abscesses were The data express the number of positive urine and/or blood culture out of the number of cultures obtained in the subgroups of CT/NMR negative or positive patients. Note that negative CT/NMR patients were more frequently found to have positive cultures. (Table 5 ).
In the 43 patients in whom retrograde urethrocystography was performed, VUR was found in 9 patients (20.9%).
Outcome
The cure rate was 100%. Recurrences. Thirty-six patients had relapses. In four cases, multiple episodes were observed. The time elapsed from the first episode to the first recurrence ranged from 2 months to 12 years. Renal function. The 21 patients with renal failure were older than the others of this series (median was 64 years). Among them, 13 had a complete recovery of renal function, 1 remained stable, 1 improved but did not normalize (the patients who had required dialysis) and 1 progressed to end-stage renal disease. The remaining patients were lost to follow-up.
Contrast medium for CT induced a transient increase in serum creatinine in the patients with renal failure; creatinine returned to previous values in all cases afterwards.
VUR. Among the patients with VUR, which was thereafter corrected with endoscopic procedure, three patients presented relapses of the urinary infection. One had an evolution towards renal failure (chronic kidney disease Class IV after 5 years) and the others remained with normal renal function. Abscesses. In all the patients with abscesses, a second CT for control performed at 1 month demonstrated the disappearance of the abscesses.
Discussion
Our interest in APN originated from the observation of the increasing frequency of this disease and from the uncertain indications in the literature with regard to the opportunity of performing CT/NMR. Moreover, we noted that not all our patients had positive urine culture. Hence, since 2000, we prospectively collected data of patients admitted in the Nephrology Unit with a diagnosis of APN made by the Emergency Department; 95.5% of them were submitted to CT scan or NMR (since 2006, when it became available in our hospital) or both.
The most significant data resulting from our study are that only 23.5% of patients with diagnosis of APN confirmed by either CT scan or NMR had positive urine culture (Table 4) and that 23.5% of the 213 patients submitted to CT/NMR had single or multiple intrarenal abscesses ( Figure 3) .
The low frequency of positive urine culture may be explained by previous antibiotic treatment, either self-prescribed or prescribed by the general practitioner, and by the possibility that infection was confined to the renal parenchyma. Moreover, atypical organisms, such as Ureaplasma urealyticum (responsible for 4.8% of APN cases [7] ) and Mycoplasma hominis, which are not found unless particular culture media containing arginine and urea are used, were not searched.
Also, pyuria was found in only 65.92% of our patients. Even though these data seem in contrast with the standard definition of APN, which includes bacterial growth of at least 10 000 c.f.u/mL in presence of symptoms [2, 5, 8] , they reflect the common medical practice in a big hospital (326 beds for hospitalization) in a town of northern Italy.
Twelve patients had negative CT but typical symptoms and positive urine cultures. The explanation for this could be that the inflammatory lesions had already improved when the patients were submitted to radiological examination or that they were so mild as to be undetectable.
Another crucial point is the frequent finding of abscesses evidenced in 23.5% of cases by CT/NMR (Figure 3) .
Treatment of the smallest abscesses may be medical [9] , but surgical drainage is needed in the case of size >5 cm [9, 10] . Longer duration of antibiotic therapy is also advised [11] .
No elements allowed a clinical differentiation of patients with or without abscesses ( Table 5) . We think that this finding strengthens the indication to perform CT or NMR systematically in patients with APN since detection of abscesses can modify therapeutic approach.
While the association between APN and VUR has been extensively studied in children [12, 13] , the literature does not indicate when VUR must be searched in adults.
We performed retrograde urethrocystography in the case of recurrent APN or in the presence of urinary cavities dilation or urinary tract abnormalities: we found VUR in 20.9% of patients. They were successfully treated with endoscopic procedure and only one of them had relapsing APN.
In our opinion, the most significant elements in the recent literature regarding APN are the revised guidelines for treatment [14] : in this paper, Gupta underlines the need of differentiating patients requiring hospitalization or not. Cases with less severe forms can be treated with ciprofloxacin for 7 days, levofloxacin 750 mg once per day for 5 days or trimethoprim/sulphametoxazole for 14 days if the sensitivity is known. More severe cases should be initially treated with an intravenous regimen (a fluoroquinolone, an aminoglycoside with or without ampicillin, an extended spectrum cephalosporin with or without aminoglycoside or a carbapenem). Much concern regards antibiotic resistance [14, 15] , which must be monitored.
In conclusion, the absence of infected urine does not rule out the diagnosis of APN in common clinical practice. Renal abscesses are frequent and may not be suspected on a clinical basis. Hence, it seems advisable to systematically perform CT or NMR, which have greater sensitivity than ultrasound in detecting them.
